Study of the extracts from an Antarctic lichen Umbilicaria antarctica was done using a spectrophotometric approach. Secondary compounds were extracted by acetone rinsing from dried thalli of U. antarctica. The extracts were dried out, and diluted in ethanol. Then, spectral absorbance of the extracts were measured within the wavelength of 190-700 nm. The spectra of the secondary compounds obtained by acetone rinsing (EARre-diluted (ethanol) extract gained during acetone rinsing) were compared with those from untreated thalli (control) and ethanol extract from the thalli of U. antarctica that passed acetone rinsing (ART). Spectral absorbance curves of the extracts gained by acetone rinsing were attributed to different prevailing secondary metabolites: usnic acid, lecanoric acid (U. antarctica). Spectral absorption curves of control thalli exbibited similar shape as ART spectral curves, however, the absorbance in the range of 230-310 nm reached higher values in control than in ART. Spectral absorbance curves from ART showed that a part of secondary metabolites still remained in the thalli. Photosynthetic pigments (carotenoids and chlorophylls) remained uneffected by acetone rinsing.
Introduction
Lichens produce a large variety of secondary compounds (for review see Huneck et Yoshimura 1996) . They are mostly weak phenolic acid derivatives that commonly make up 1-5% of the lichen biomass. Majority of lichen secondary compounds are UV screens that provide an effective absorption of incident radiaton, UV-B (280-315 nm), and UV-A (315-400 nm) in particular. These compounds, reviewed recent-ly by Huang et al. (2013) , represent a mechanism protecting lichens against the damage caused by UV-A and UV-B radiation.
These compounds can be greatly and non-destructively extracted from dry lichens through the use of acetone by the method called acetone rinsing (Solhaug et Gauslaa 1996 , 2001 . Using this method, several ecophysiological studies showed that some secondary compounds had an important role in deterring lichenivores (see e.g. Gauslaa 2005 , Nybakken et al. 2010 . Acetone rinsing also proved a protective role of secondary lichen compounds in the photoprotection of lichen photobionts from excess light (Solhaug et Gauslaa 2012 
Material and Methods

Sample collection and handling before experiments
Thalli of U. antarctica, were collected from rock walls at Galindez Island (Argentine Islands, Antarctica). Collection site was located close to the Akademik Vernadsky station (65° 14´ 44´´ S, 64° 15´ 20´´ W). The thalli of U. antarctica were collected by Czech participants of the Ukrainian Antarctic expedition. After collection, the thalli were dried under natural outdoor conditions. After drying the thalli were transfered to a laboratory (EEL laboratory, Department of Experimental Biology, Masaryk University, Brno, Czech Republic) where stored in a refrigerator.
For the experiments, the thalli were divided into two groups: (1) control thalli and those thalli selected for (2) acetone rinsing. Control thalli were dried in a lyophilizator, then homogenized to a fine powder in a stainless steel ball mill (Retsch, Germany). Equal weight (300 mg) of samples were used for extracts in ethanol. Then, the absorbances of the extracts were measured by a UV-VIS spectrophotometer (Specord 205, Analytik Jena, Germany) within the wavelength range of 190-700 nm.
Acetone rinsing
Lichen substances were removed according to a modification of the method of acetone rinsing (Solhaug et Gauslaa 1996) using dry fragments of U. antarctica. Each fragment was rinsed in pure acetone four times for 1 h each time at room temperature. Fragments were then taken out of acetone and left to dry for 24 h in a laboratory hood with a blower at room temperature to ensure vaporization of residual acetone. Dried fragments were then homogenized and ethanol-extracted (see the above
Handling before experiments). Absorbance spectra (190-700 nm) were measured as described above. Acetone extracts were put into Petri dishes and left to evaporate under the same conditions. Then the dried extracts were diluted in ethanol and used in the measurements of absorbances as described above.
Results and Discussion
As shown in Fig. 1 , acetone rinsing of dry thalli of U. antarctica led to the extraction of secondary metabolites in the wavelengths of 190-350 nm (see C in Fig.  1 ). Carotenoids-and chlorophyll-related peaks (435 nm, and 665 nm) remained more or less unchanged (Fig. 1B ) compared to control (Fig. 1A) indicating the fact that photosynthetic pigments are not disturbed by acetone rinsing. Such finding is supported by the fact that no peak is seen in the extract (AR rediluted in ethanol -see C in Fig. 1, 665 nm) .
The spectra had several peaks in the range of 190-300 nm (UV) thanks to a high amount of UV-B absorbing compounds, such as e.g. umbilicaric acid (Huneck et Yoshimura 1996) . Moreover, Quilhot et al. (1991) reported phenolic metabolites in thalli of different ages in U. antarctica. Specifically, usnic acid and atranorin concentrations were found highest in individuals of the youngest age class and decrease towards the oldest age classes. Moreover, the same author reported also gyrophoric acids. In U. antarctica, another UV-B absorbing compound are e.g. lecanoric acid (Luo et al. 2009 , Seo et al. 2009 ), and tocopherols (Strzalka et al. 2011) . In general, lichens of genus Umbilicaria have numerous secondary metabolites (for review see e.g. Narui et al. 1996) . Majority of UV-B absorbing compounds extracted from U. antarctica have strong antioxidative effects (Hara et al. 2011 , Molnár et Farkas 2010 . Absorption curve recorded for control thalli correspond to the those reported by Medina et Avalos-Chacon (2015) . In general, a high amount of UV-B screening compounds in Umbilicaria antarctica represents a constitutive mechanism of lichens providing protection against enhanced UV-B radiation in Antarctic terrestrial ecosystems (Singh et al. 2011) . Some species of Umbilicaria genus from Antarctica showed decrease in UV-B absorbing compounds and phenolics in the field experiment when UV-B radiation was excluded by filters installed for 4 weeks (Singh et Singh 2014 -Umbilicaria aprina) .
Our data presented in Table 1 suggest that acetone rinsing is effective in the extraction of UV-B absorbing compounds, while chlorophylls and carotenoids remain unchanged by the treatment (see also the curves in Fig. 1 Buffoni-Hall et al. 2002) related to UV-B screens and the wavelengths related to carotenoids (435 nm), and chlorophylls (665 nm). Abbreviations: ART -ethanol extract from the thalli of U. antarctica that passed acetone rinsing, EAR -re-diluted (ethanol) extract gained during acetone rinsing, n. d. -not determined. Fig. 1 . Absorbance spectra of untreated control thalli of Umbilicaria antarctica (A), ARTethanol extract from the thalli of U. antarctica that passed acetone rinsing (B), EAR -re-diluted (ethanol) extract gained during acetone rinsing (C).
